The aim of this study was to compare the clinical outcome and cost-effectiveness of preoperative biliary drainage (BD) methods in periampullary cancer, and to suggest guidelines for selecting the appropriate preoperative BD method. Between October 2004 and August 2010, 211 patients underwent pancreatoduodenectomy after preoperative BD. Clinical outcome and cost-effectiveness of the preoperative BD methods were compared based on the final drainage method used and on intention-to-treat analysis. There was no significant difference in drainage duration between percutaneous transhepatic biliary drainage (PTBD) and endoscopic BD groups (14.2 vs 16.6 days, respectively; P = 0.121) but daily diminution of serum bilirubin level was higher in the PTBD group (0.7 vs 0.6 mg/dL/ day, respectively; P = 0.041). Based on intention-to-treat analysis, drainage duration was shorter (13.2 vs 16.5 days, respectively; P = 0.049), daily diminution of serum bilirubin level was higher (0.7 vs 0.6 mg/dL/day, respectively; P = 0.041). Medical care cost was lower (14.2 vs 15.7 × 10 3 USD, respectively; P = 0.040) in the PTBD group than in the endoscopic BD group. When selecting the preoperative BD method, practitioners should consider that PTBD is more cost-effective and safer than endoscopic BD.
INTRODUCTION
The clinical benefit of preoperative biliary drainage (BD) in periampullary cancer with obstructive jaundice is not well established (1-7). However, preoperative BD is still performed in many cases, for example, when planning preoperative chemoradiotherapy, for preoperative risk evaluation, in preexisting cholangitis or liver function abnormality, for severe malnutrition, and when expecting long waiting times for surgery due to insufficient admission beds (8, 9) .
Drainage can be accomplished either externally through percutaneous transhepatic biliary drainage (PTBD) or internally through endoscopic naso-biliary drainage (ENBD) or endoscopic retrograde biliary drainage (ERBD). PTBD makes preoperative cholangiography possible and it can be left in place after an operation. It also makes postoperative decompression and cholangiography possible (10, 11) . However, cholangitis, bile peritonitis due to bile leakage, bleeding, pain at insertion site, tube dysfunction, body fluid loss with electrolyte imbalance are also possible (3, (10) (11) (12) . On the other hand, both diagnosis and intervention are possible when using ENBD and ERBD. These two endoscopic methods have been experimentally shown to have beneficial effects on restoring nutritional status and immune function and reducing endotoxemia (8, 15) . However, reflux of duodenal contents may result in cholangitis or pancreatitis. Duodenal perforation, bleeding, and tube dysfunction may also be possible when using endoscopic BD (8) (9) (10) (11) 13) .
To our knowledge, there are few studies comparing these BD methods (14, 15) . In the absence of strong evidence, selection of a preoperative BD method in a clinical situation depends on clinician's or hospital facility's preferences. The aims of this study were to compare the clinical outcome and cost-effectiveness of these preoperative BD methods in periampullary cancer, considering the final drainage method used and by using intentionto-treat analysis, and to suggest guidelines for selecting an appropriate preoperative BD method.
MATERIALS AND METHODS
Clinicopathologic data were prospectively collected in electronic medical record form and retrospectively reviewed. 2010 were included. Preoperative BD was performed when the patient had cholangitis or poor liver function, or when pathologic confirmation or recovery of general condition was needed in patients with severe comorbidity. Surgery was performed after management for underlying cardiovascular or pulmonary diseases was completed and two weeks after improvement of cholangitis and restoration of liver function tests. Of the 343 patients, 55 were excluded because they underwent operations other than pancreatoduodenectomy, and 77 patients with BD previously performed at other hospitals were also excluded. As a result, 211 patients were included in this study. The preoperative BD methods were PTBD, ENBD, and ERBD. The ENBD and ERBD patients were considered as a single endoscopic BD group. Tumor locations were the ampulla of Vater, distal common bile duct (CBD), pancreas, and duodenum. Operation types were Whipple's operation and pylorus preserving pancreatoduodenectomy (PPPD). Daily diminution of serum bilirubin was calculated using the initial and final, preoperative serum bilirubin levels and the drainage duration. The definitions of all complications, as well as of their management, were evaluated according to generally accepted criteria (16) (17) (18) (19) . We estimated the patient's total hospital cost by adding up all associated costs from the day the patient visited for diagnosing and performing preoperative BD to the day the patient was discharged following performance of the pancreatoduodenectomy.
Thirty-nine patients who were initially subjected to endoscopic BD were switched to PTBD due to a procedure failure or an ineffective endoscopic BD. Therefore, clinical outcome and cost-effectiveness of each preoperative biliary drainage methods were compared on the basis of the final drainage method that was used and on results of intention-to-treat analysis.
Results are expressed as means and ranges or as the number and percentage of patients. The software program SPSS for Windows (version 19.0; SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. One-way analysis of variance was used to compare means of continuous variables. Univariate comparisons for all categorical variables were performed by using the chi-square test or Fisher's exact test, as appropriate. A probability (P) value ≤ 0.05 was considered significant.
Ethics statement
This study was approved by the institutional review board of Seoul National University Hospital (IRB No.H-1001-047-307). Informed consent was exempted by the board for this was a retrospective study of prospectively collected data. 29 .8%) while endoscopic BD was more frequently performed than PTBD in distal CBD or ampulla of Vater cancer (70.2% vs 50.4%) (P = 0.001). PPPD was more frequently performed than Whipple's operation in both BD groups. There were no significant differences in operation time, intraoperative blood loss, T stage, and N stage between the PTBD and endoscopic BD groups (Table 2) .
RESULTS

Patient demographics
Thirty-nine patients (18.5%) who initially underwent endoscopic BD were switched to PTBD due to procedure failure (n = 37, 94.9%) or ineffective endoscopic BD (n = 2, 5.1%). On an intention-to-treat basis, 68 patients (32.2%) underwent intentional PTBD and 143 patients (67.8%) underwent intentioned endoscopic BD. Intentioned PTBD was more frequently performed (Table 3) .
Effectiveness of biliary decompression
Overall the initial serum bilirubin level was 11.2 ± 6.9 mg/dL, and the final serum bilirubin level was 3.7 ± 3.3 mg/dL, and mean BD duration was 15.4 ± 11.2 days. There was no significant difference in drainage duration between PTBD and endoscopic BD groups (14.2 vs 16.6 days, respectively; P = 0.121); however, daily diminution of serum bilirubin level was higher in the PTBD group (0.7 vs 0.6 mg/dL/day, respectively; P = 0.041) ( Table 4) . Within the endoscopic BD group, the ERBD subgroup had a longer drainage duration than the ENBD subgroup (19.0 vs 14.1 days, respectively; P = 0.029), but daily diminution of serum bilirubin was comparable between the two groups (0.5 vs 0.6 mg/dL/day, respectively; P = 0.339) ( Table 5 , Fig. 1 ).
On an intention-to-treat basis, drainage duration was shorter (13.2 vs 16.5 days, respectively; P = 0.049) and daily diminution of serum bilirubin level was higher (0.7 vs 0.6 mg/dL/day, respectively; P = 0.041) in the intentioned PTBD group than in the intentioned endoscopic BD group (Table 4) .
Procedure related and postoperative complications
Procedure-related complications are outlined in Table 6 . One or more complications occurred in 62 of the patients in the study (29.4%). Among the 6 PTBD patients (5.6%) with a bleeding complication, 3 underwent gelfoam embolization without further complication. Pancreatitis occurred more frequently in the endoscopic BD group than in the PTBD group (16.3% vs 2.8%, respectively; P = 0.001). Two of the pancreatitis patients in the endoscopic BD group had to wait for surgery for two weeks in order to treat their pancreatitis before surgery. Thirty-nine patients who were initially subjected to endoscopic PBD were On an intention-to-treat basis, bleeding (8.8% vs 2.1%, respectively; P = 0.024) and bile peritonitis (2.9% vs 0%, respectively; P = 0.039) occurred more often in the intentioned PTBD group than in the intentioned endoscopic BD group. Pancreatitis occurred more frequently in intentioned endoscopic BD group than in the PTBD group (0% vs 14.0%, respectively; P = 0.001) ( Table 6 ).
The overall postoperative complication rate was comparable between the PTBD and endoscopic BD groups (39.3% vs 47.1%, respectively; P = 0.155). On an intention-to-treat basis, there was no significant difference in postoperative complication rate between the intentioned PTBD group and the intentioned endoscopic BD group ( Table 7) .
Comparison of cost-effectiveness
There was no significant difference in total hospital cost, admission cost, hospital stay duration between the PTBD and endoscopic BD groups. On an intention-to-treat basis, there was no significant difference in total hospital cost and hospital stay duration, but admission cost was significantly lower in the intentioned PTBD group than in the intentioned endoscopic BD group (14.2 ± 3.9 × 10 3 USD vs 15.7 ± 7.0 × 10 3 USD, respectively; P = 0.040) ( Table 8 ). 
DISCUSSION
In 4 of 5 randomized trials, preoperative BD by means of PTBD was the standard mode of drainage used, whereas endoscopic BD is currently preferred in some hospitals, although evidence to support this preference is lacking (2, 20, 21) . PTBD enables preoperative and postoperative biliary decompression and cholangiography, but complications such as cholangitis, bile peritonitis, bleeding, pain at insertion site, tube dysfunction, and electrolyte imbalance may occur. Endoscopic BD methods make both diagnosis and intervention possible, which give chance to direct visualization of duodenum and papilla, biopsy for tissue diagnosis, and direct cholangiography. However, reflux of duodenal contents may result in cholangitis, pancreatitis, duodenal perforation, or bleeding. Hwang et al. (22) reported that the thickness and degree of inflammation of the CBD wall was more severe in their endoscopic BD group, and indicated that CBD inflammation may have resulted from reflux of duodenal contents. There are few comparative studies comparing these BD methods (14, 15) ; therefore, in the absence of strong evidence, selection of a preoperative BD method in many cases depends on clinician's or hospital facility's preferences. In this study, clinical outcome and cost-effectiveness were compared between three different preoperative BD methods. Considering tumor location, PTBD was more frequently performed than ENBD or ERBD in pancreas cancer, whereas the latter two were more frequently performed than PTBD in distal CBD or ampulla of Vater cancer, both on a final status basis and on an intention-to-treat basis. In distal CBD or ampulla of Vater cancer, identification of the lesion and tissue confirmation using an endoscopic procedure is possible and, on that basis, would be preferred to the use of PTBD.
We evaluated effectiveness by comparing drainage duration and daily serum bilirubin decline. On the basis of the final drainage method used, there was no difference in drainage duration between the PTBD and endoscopic BD groups, but daily diminution of the serum bilirubin level was higher in the PTBD group. The result was similar on an intention-to-treat basis, except for drainage duration: the drainage duration was shorter in the intentioned PTBD group than in the intentioned endoscopic BD group. Thirty-nine intentioned endoscopic group patients were changed to PTBD and the number of days spent between the switch is the reason for the difference in drainage duration. Additional time is needed to perform PTBD for patients with failed endoscopic attempts. In addition, time is needed to determine whether the serum bilirubin level declines and, if not, check the endoscopic BD function and the perform PTBD. Based on the difference in the decreases in bilirubin levels, the effectiveness of preoperative BD is better with PTBD than with endoscopic BD. However, the optimal duration of BD before surgery has not been established. Experimental and clinical studies have suggested that a period of at least 4-6 weeks is needed for restoration of normal major synthesis and clearance functions of the liver, as well as of mucosal intestinal barrier functions (5) . In addition, depressed cell-mediated immunity, impaired hepatic reticuloendothelial function (23) , and altered lymphocyte transformation have been documented, and these functions are unlikely to improve within 4 weeks (24, 25) . On the other hand, increasing drainage duration increases the risks of stent clogging and secondary inflammatory changes to the bile duct wall. If such complications require readmission to a hospital, this might lead to surgery postponement (7) . However, it is not easy to maintain preoperative BD over 4 weeks in a clinical setting. This study was not a randomized controlled trial, therefore the preoperative BD method used was selected according to the clinician's preference. However, the time to perform the required operation after BD was decided consistently as described earlier (i.e. following completion of management for underlying cardiovascular or pulmonary diseases and at least two weeks after improvement of cholangitis and restoration of liver function tests).
With respect to procedure-related complications, the incidences of pancreatitis, cholangitis, bleeding, or malfunction in our study was similar to incidences reported by others (26) (27) (28) . There were no significant differences in procedure-related complication rates between the two groups, with the exception of procedure-related pancreatitis: the pancreatitis rate was higher in the endoscopic BD group than in the PTBD group. Two of the pancreatitis cases in the endoscopic BD group prolonged the postponement of surgery because medical management of the pancreatitis was needed. Such a postponement would be unjustifiable for a potentially resectable tumor.
Cost-effectiveness was evaluated by comparing total hospital cost, admission cost, and hospital stay duration. There were no significant differences between the two groups on the basis of the final drainage method used; however, on an intention-totreat basis, admission cost was lower in the PTBD group than in the endoscopic BD group. This could be related to those patients who were initially subjected to endoscopic BD and who were changed to PTBD. There were no significant difference in postoperative complication rate between two groups, but the cost for managing postoperative complications in the intentioned endoscopic BD group was higher than in the intentioned PTBD group. This is in contrast with an earlier randomized study in which van der Gaag et al. (29) looked at 202 patients with cancer of the pancreatic head. In their multicenter, randomized trial they found no effect of preoperative BD, primarily attempted endoscopically, on the length of the hospital stay. They explained that the previously observed extended hospital stay durations can be attributed to the use of PTBD, whereas endoscopic BD, as used primarily in their study, is often performed on an outpatient basis. In our study, the hospital stay was comparable between PTBD and endoscopic BD. There are reports of metastatic tumor seeding along the PTBD sinus tract (28, 30) . Takahashi et al. (28) retrospectively investigated 445 patients with perihilar and distal cholangiocarcinoma who underwent resection following PTBD and detected PTBD catheter tract recurrence in 23 of those patients. They also reported poor prognosis in PTBD catheter tract recurrence patients. Moreover, they supported the association of PTBD with serious complications, such as vascular injury and cancer dissemination, and suggested that ENBD is the most suitable method for initial preoperative BD. In this study, among 6 PTBD patients with a bleeding complication, 3 patients underwent gelfoam embolization without further complication, and there was no tract recurrence until the last follow up (median follow up of 23 months, range 0.2-46 months). In contrast with their study, our study included periampullary lesions but excluded hilar cholangiocarcinomas. In Klatskin tumor cases, we believe it unlikely that, passing through the tumor during the procedure is not needed and can be succeed safely in periampullary cancer. However, the only way to answer this question adequately would be to conduct a large prospective, randomized trial.
In conclusion, using an intention-to-treat analysis, the PTBD group revealed a more rapid serum bilirubin decline with a shorter drainage duration and a lower admission cost compared with the endoscopic BD group. Although the role of preoperative BD is still controversial, preoperative BD is needed in some situations. The results in this study indicate that PTBD is more costeffective and safer than endoscopic BD. Practitioners should consider those factors in selecting a BD method.
